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Abstract: After cardiovascular diseases, cancer is the second deadliest malignancy in the world. The current study 
was launched to investigate the diagnostic and prognostic landscape of Beta-actin (ACTB) via a multi-layered bio-
informatics approach. ACTB expression was analyzed and validated via UALCAN, TIMER, GENT2, GEPIA, and HPA. 
ACTB promoter methylation was evaluated via MREXPRES. Furthermore, ACTB prognostic values and their corre-
lation with cancer metastasis were explored through the KM plotter and TNMplot, respectively. Then, cBioPortal, 
CancerSEA, Enrichr, TIMER, MuTarget, and CDT were used to analyze ACTB-related genetic alterations, transcription 
factors (TFS), MicroRNAs (miRNAs), chemotherapeutic drugs, and the correlation between its expression, immune 
cells, and different other parameters. We found that ACTB expression was remarkably higher in 24 major human 
cancer tissues than the normal samples. Additionally, elevated ACTB expression was associated with poorer sur-
vival and metastasis in only liver hepatocellular carcinoma (LIHC), head and neck squamous cancer (HNSC), and 
lung adenocarcinoma (LUAD). This implies that ACTB plays a significant role in the development and progression of 
LIHC, HNSC, and LUAD. Furthermore, enrichment analysis showed that ACTB-associated genes regulate different 
Biological Processes (BP), Molecular Functions (MF), and Kyoto Encyclopedia of Genes and Genomes (KEGG) terms. 
Moreover, ACTB up-regulation had interesting correlations with immune infiltration of CD4+ T, and CD8+ T, tumor 
purity, mutant genes, and a few other important parameters. At last, via this study, we also explored ACTB-associat-
ed clinically important expression regulators, including TFS, miRNAs, and different chemotherapeutic drugs. The re-
sults of the present study suggested that ACTB might be a potential candidate biomarker in LIHC, HNSC, and LUAD.
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Introduction

Cancer involves the uncontrolled proliferation 
and procurement of metastatic properties by 
the abnormal cells. Cancer is the world’s sec-
ond leading cause of death after cardiovascu-
lar diseases [1]. In the United States of America 
(USA), around two million cancer cases and 
approximately 610,000 deaths were occurred 
due to cancer in 2020 [2]. While in 2018, more 
than 17 million cancer cases and around 10 
million deaths were recorded worldwide due to 
this disease [3]. Furthermore, it is expected 

that in 2021, the annual number of cancer 
cases in the USA will rise by 24% in men and by 
about 21% in women [4]. Cancer is also known 
as a multi-factorial disease, and different fac-
tors such as tobacco consumption, pollutions, 
an unhealthy diet, exposure to radiation, and 
aging have been considered to be responsible 
for the development of this disease [5].

During cancer development, the dysregulation 
of oncogenes, DNA repair, and tumor suppres-
sor genes leads to abnormal cell cycle progres-
sion and inactivation of apoptosis. In compari-
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son to benign tumors, malignant tumor metas-
tasizes in different body parts occur due to the 
down-regulation of cell adhesion receptors [6, 
7]. Additionally, metalloprotease membrane ac- 
tivity also helps the metastatic cells to spread 
further across different body parts. There are 
several mechanisms involved in the dysregula-
tion of oncogenes, DNA repair, and tumor sup-
pressor genes, and the most crucial mecha-
nisms include genetic mutations, epigenetic 
changes, copy number variations (CNVs) chro-
mosomal translocation, and deletion [7]. Until 
now, not enough has been achieved regarding 
the reduction in new annual cancer cases [8], 
that’s why, the decline in cancer death rate 
from 2006-2015 has been achieved by only 
1.5% annually [8]. Moreover, this achievement 
in declining cancer cases has come at a huge 
financial cost. In the future, there are chances 
that this cost might further increase as the pop-
ulation is increasing rapidly worldwide [9, 10]. 
Hence, there is an urgent need to identify some 
novel biomarkers that could help in the detec-
tion and treatment of different cancer subtypes 
as a shared target to reduce cancer-related 
cases and mortality.

Beta-actin (ACTB) is a housekeeping gene and 
has widely been used as a control in measuring 
the expression in various diseases [11]. How- 
ever, ACTB expression was also found closely 
related to different cancers, including liver, 
pancreatic, renal, colorectal, melanoma, pros-
tate, esophageal, lung, gastric, breast, and 
ovarian cancers. Moreover, the dysregulation 
and polymerization of ACTB are revealed to be 
related to the metastasis of different cancers 
[11]. The current study analyzed the diagnostic 
value of ACTB and predicted its independent 
prognostic factor in distinct cancer subtypes 
using detailed in silico analysis.

Material and methods

The UALCAN database

The UALCAN, which is a dedicated platform for 
the discovery of novel cancer-associated bio-
markers through multi-omics expression analy-
sis of the TCGA cancer datasets [12], was uti-
lized in our study for the pan-cancer gene 
expression of ACTB to document the differen-
tial expression level across multiple cancer 

types. During analysis, the transcription was 
normalized as transcript per million (TPM) and 
for statistics, a t-test ofunequal variance was 
applied. 

KM plotter

We used the Kaplan-Meier plotter tool (http:// 
kmplot.com/analysis/, K-M) for analyzing the 
prognostic relevancy of ACTB with different 
cancer subtypes [13]. On the basis of the medi-
an value, cancer patients were categorized into 
two different groups with respect to low and 
high ACTB. Then, the overall survival (OS) and 
relapse-free survival (RFS) durations were ac- 
cessed using the default settings.

TNMplot database

TNMplot (https://www.tnmplot.com/) [14] was 
conducted in this study to analyze ACTB expres-
sion across metastatic tissues relative to con-
trol samples. For statistics, a t-test of unequal 
variance was applied. 

Expression validation analysis

TIMER, GENT2, GEPIA, Gene Expression Omni- 
bus (GEO), and Human Protein Atlas (HPA) are 
recently developed databases for analyzing 
gene expression data across cancer samples 
paired with controls [15-19]. Using these data- 
bases, we validated the ACTB expression at 
both transcriptional and translational levels 
among LIHC, HNSC, and LUAD samples. 

MEXPRESS

MEXPRESS [20] was used in this work for com-
puting Pearson correlation between methyla-
tion and mRNA levels of the ACTB.

The cBioportal database

The cBioPortal portal, containing numerous 
datasets from 245 cancer-related studies [21] 
was used in our research to analyze the ACTB 
copy number variations (CNVs) and genetic 
alterations across distinct cancer subtypes.

Costruction of PPI network and enrichment 
analysis

STRING database is an online software that is 
dedicated to identifying the known protein 
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binding partners of the protein(s) of interest 
[22]. In the present study, we utilized this tool to 
construct the PPI network of the ACTB-enriched 
genes. The constructed PPI network was then 
visualized using Cytoscape software [23]. Fur- 
thermore, the enrichment analysis ofthe ACTB-
enriched genes was performed through DAVID 
[24]. 

Single-cell functional analysis

CancerSEA database has been built to illus-
trate 14 different functional states of more 
than 41 thousand cancer cells from 25 tumor 
types at the single-cell level [25]. We used this 
database in our study to further assess the 
oncogenic role of ACTB in LIHC, HNSC, and 
LUAD at the single cell level. 

GEPIA

Via the GEPIA platform, we explored correla-
tions among the ACTB gene expression and its 
other enriched genes. 

MuTarget

MuTarget is designed to explore the associa-
tions between expression alterations and ge- 
netic mutations across cancer patients [26]. 
Herein, we conducted MuTarget to identify the 
possible mutant genes associated with expres-
sion alteration in the ACTB gene with default 
thresh-holds, i.e. P < 0.05 and FC > 1.4.

Tumor purity, infiltrating level of CD4+ T, and 
CD8+ T immune cells and ACTB expression in 
different cancer patients

TIMER database is dedicated to comprehen-
sively analyzing the clinical effects of human 
different immune cells across distinct cancer 
subtypes [27]. TIMER used a deconvolution al- 
gorithm for predicting the proportion of tumor-
infiltrating immune cells (TIICs) of interest with 
respect to gene expression. We used this data-
base toevaluate the Pearson correlation bet- 
ween ACTB expression and tumor purity, CD4+ 
T and CD8+ T cells in different cancer patients. 

Enrichr database analysis

Enrichr [28] was utilized in this work for explor-
ing ACTB associated miRNAs and TFs.

ACTB gene-drug interaction network analysis

The CTD database [29] was explored in this 
work to identify ACTB associated drugs.

Results

Transcriptional level of ACTB

Using the UALCAN database, we explored ACTB 
gene expression in 24 types of cancer tissue 
paired with controls. As shown in Figure 1, all 
24 analyzed cancer datasets have highlighted 
the that mRNA of ACTB was remarkably high in 
the analyzed cancer subtypes relative to nor-
mal individuals, including liver hepatocellular 
carcinoma (LIHC), head and neck squamous 
cell carcinoma (HNSC), and lung adenocarcino-
ma (LUAD) (Figure 1).

Predicting prognostic values and metastasis 
relevancy of ACTB expression

In this study, the KM plotter was interrogated to 
explore whether ACTB expression was associ-
ated with OS and RFS across cancer patients of 
different types. The results of Log rank test via 
KM plotter highlighted that ACTB higher expres-
sion was associated with poor OS and RFS of 
the LIHC (HR = 1.58, 95% CI: 1.12-2.24, P = 
0.0088, HR = 1.35, 95% CI: 0.91-1.99, P = 
0.013), HNSC (HR = 1.69, 95% CI: 1.22-2.35, P 
= 0.0015, HR = 1.57, 95% CI: 0.72-3.4, P 
=0.025), and LUAD (HR = 1.58, 95% CI: 1.17-
2.13, P = 0.0023, HR = 1.53, 95% CI: 1.01-2.3, 
P = 0.043) patients (Figure 2A, 2B). Moreover, 
higher ACTB expression was also noticed to be 
linked with metastasis in these cancer patients 
(Figure 2C). Therefore, in a nutshell, it is specu-
lated that higher ACTB expression may be a 
strong prognostic factor and have a significant 
contribution to the development and progres-
sion of LIHC, HNSC, and LUAD.

Relationship between ACTB expression and 
clinical variables 

To explore the association between clinical  
features and ACTB expression, we utilized the 
UALCAN platform for investigating different clin-
ical factors of LIHC, HNSC, and LUAD. In Figure 
3, the box plot highlighted the expression of 
ACTB based on cancer stage, patients’ race, 
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patients’ gender, and nodal metastasis status. 
The results demonstrated that ACTB has sig- 
nificantly higher expression in LIHC, HNSC, and 
LUAD patients of different clinicopathological 
parameters as well relative to controls (Figure 
3).

Transcription and translation levels validation 
of ACTB

TIMER, GENT2, GEPIA, GEO and HPA are re- 
cently developed databases for analyzing gene 
expression data across cancer samples paired 
with controls. With the help of TIMER, GENT2, 
GEPIA, and HPA databases, we validated the 
ACTB expression at both transcriptional and 
translational level among LIHC, HNSC, and 
LUAD samples as compared to controls on 
TCGA expression datasets. While, using GEO 
database, ACTB expression was validated ac- 
ross LIHC, HNSC, and LUAD samples relative  
to controls on three different datasets i.e., LI- 
HC (GSE45267), HNSC (GSE45216), and LUAD 
(GSE40791). As shown in Figure 4, the ex- 
pression analysis results from TIMER, GENT2, 
GEPIA, GEO, and HPA databases reveled that 
mRNA and protein of ACTB was significantly 
overexpressed in LIHC, HNSC, and LUAD pa- 
tients relative to controls at both transcription 
and translational levels.

Promoter methylation analysis 

Using the MEXPRESS database, herein we in- 
vestigated the correlations among ACTB ex- 
pression and the promoter methylation of this 
gene simultaneously across LIHC, HNSC, and 
LUAD samples. Results of this analysis show- 
ed that the ACTB promoter was remarkably 
hypomethylated across LIHC, HNSC, and LUAD 
samples as compared to the normal controlls 
(Figure 5).

Genetic alterations analysis of ACTB

Mutations in ACTB across LIHC, HNSC, and 
LUAD was were checked from LIHC, HNSC, and 
LUAD TCGA datasets (Firehose Legacy) throu- 
gh cBioPortal database. Results showed that 
ACTB possess genetic alterations in 0.8% 
cases of the LIHC, 3% cases of the HNSC with 
maximum deep amplification, and 8% cases of 
the LUAD with maximum deep amplification 
(Figure 6).

ACTB PPI network retrieval and enrichment 
analysis

The ACTB PPI network was retrieved via the 
STRING database and visualized through 

Figure 1. ACTB expression in diverse types of cancer tissues. (A) Only in cancer tissues, (B) In cancer samples and 
controls. P < 0.05.
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Figure 2. KM curves of ACTB in cancer patients of diverse subtypes. (A) OS curves in cancer patients of LIHC, HNSC, and LUAD, (B) RFS curves in cancer patients of 
LIHC, HNSC, and LUAD, and (C) A correlation analysis of ACTB with metastasis. P < 0.05.
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Figure 3. ACTB expression in LIHC, HNSC, and LUAD patients stratified on the basis of cancer stage, race, gender, and nodal metastasis. (A) Cancer stage-based 
ACTB transcription, (B) Race-based ACTB transcription, (C) Gender-based ACTB transcription in LIHC, HNSC, and LUAD, and (D) Nodal metastasis status-based ACTB 
transcription. P < 0.05. 
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Figure 4. Transcriptional and translational validation ACTB. (A) Via TIMER, (B) Via GENT2, (C) Via GEPIA, (D) Via HPA and (E) Via GEO dataset. P < 0.05. 
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Cytoscape software. ACTB PPI revealed that 
this gene is mainly enriched in ten other genes 
(Figure 7A). We next subjected the ACTB- 
enriched genes to GO and KEGG analysis. The 
results of enrichment analysis have shown the 
involvement of ACTB-enriched genes in Actin 
cytoskeleton organization, Box C/D snoRNP 
assembly, Actin filament depolymerization, Ce- 
ll junction assembly, and DNA repair biological 
process (BP) GO terms, Actin monomer binding, 
ATPase activity, Leucine zipper domain bind- 
ing, DNA helicase activity molecular (MF) GO 
terms, and Regulation of actin cytoskeleton, 
Shigellosis, Salmonella infection, and Rap1 sig-
naling pathway KEGG terms (Figure 7; Table 1).

Single-cell functional analysis

CancerSEA is a single-cell database, that is 
used to evaluate different functional states 
across multiple cancers at the single-cell level, 
was utilized in this study to further clarify the 
role of ACTB at the single cell level in LIHC, 
HNSC, and LUAD cells. In view of our results, 
ACTB was found to be mainly involved in differ-
entiation and hypoxia in LIHC, metastasis, inva-
sion, hypoxia, EMT in HNSC, and metastasis 
and EMT in LUAD (Figure 8).

Correlation analysis between ACTB and its as-
sociated genes expression

Via the GEPIA, we analyzed correlations among 
ACTB and its other associated gene expres-
sions across LIHC, HNSC and LUAD. The results 
shown that ACTB expression was positively  
correlated with expression levels of CDC5L, 
RUVBL1, ACTG1, ACTC1, CFL2, MKL1, PFN1, 
CFL1, PFN2, and RUVBL2 in the analyzed can-
cer types (Figure 9).

The correlation between ACTB expression and 
crucial mutant genes 

To identify the mutant genes that could help in 
LIHC, HNSC, and LUAD therapy and enhance 
the real hub gene expression, the Mann- 
Whitney U analysis was carried out to identify 
mutant genes correlated with ACTB expression. 
We selected the top 3 mutant genes for ACTB  
in LIHC, HNSC, and LUAD, respectively, via the 
MuTarget database. As shown in Figure 10,  
the top 3 mutant genes that positively corre- 
late with the expression of ACTB were DHX8, 

IQGAP3, and SLC6A11 in LIHC, PCDHB16, 
TRAF3, and CCDC13 in HNSC, and ZNF572, 
BPIFB2, and KRT5 in LUAD.

ACTB expression influence the infiltration level 
of immune cells

We applied TIMER to note whether ACTB has 
any association with tumor purity and immune 
cells (CD4+ T and CD8+ T) across LIHC, HNSC, 
and LUAD. The obtained immune correlations 
results clearly showed that ACTB expression 
has an obvious negative correlation with CD8+ 
T while an obvious positive correlation with 
CD4+ T immune across LIHC, HNSC, and LUAD 
samples (Figure 11A, 11B). Furthermore, th- 
rough TIMER analysis, an obvious negative  
correlation was also documented in our study 
among ACTB expression and tumor purity 
across LIHC, HNSC, and LUAD samples (Figure 
11C).

Identifying ACTB expression regulators (miR-
NAs and TFs)

Via Enrichr analysis, a total of ten highly signifi-
cant TFs (AATF, WWTR1, GFI1, NR3C1, MYC, 
GFI1, STAT3, ING1, MAX, and POU4F1) and ten 
miRNAs (hsa-miR-1908, hsa-miR-663, hsa-
miR-744, hsa-miR-4745-3p, hsa-miR-1538, 
hsa-miR-3960, hsa-miR-4749-5p, hsa-miR- 
4706, hsa-miR-4743, and hsa-miR-3180-3p) 
were explored that could potentially change  
the ACTB expression (Figure 12). In sum, our 
results exhibited that a variety of different regu-
lators (miRNAs and TFs) are involved in ACTB 
expression regulation.

Gene-drug interaction net-work

Via CTD analysis, we observed in this work that 
ACTB expression can potentially be influenced 
by a number of drugs. These predictions were 
made based on the experimental trials carried 
out by the previous studies. For example, val-
poric acid and metribolone could elevate the 
expression level of ACTB, while warfarin and 
aflotoxin B1 could reduce ACTB expression 
level (Figure 13).

Discussion

At present, cancer is one of the major lethal dis-
eases worldwide [30]. In sum, there is an urgent 
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Figure 5. ACTB promoter methylation level (MEXPRESS). (A) Across LIHC, (B) Across HNSC, and (C) Across LUAD. P < 0.05.
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Figure 6. Genetic alteration landscape of ACTB (cBioPortal). (A) Percentage of LIHC, HNSC, and LUAD samples positive for ACTB genetic alterations, (B) Amino acids 
alteration landscape of ACTB observed mutations, and (C) Types of ACTB genetic alterations.
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need to discover new biomarkers for dealing 
with cancer diagnosis and treatment.

β-actin protein is encoded by the ACTB gene, 
which mainly expresses in nonmuscle cells and 

assists in the cytoskeleton’s construction and 
movement of the cells. ACTB performs a variety 
of functions as a regulatoryprotein, including 
cell growth maintenance, cell migration, cell 
differentiation, and signal transduction [31]. 

Figure 7. A PPI network and GO, and KEGG items of ACTB associated genes. (A) A PPI network, (B) BP GO items, (C) 
MF GO items, and (D) KEGG items. P < 0.05.

Table 1. Detail of Go and KEGG enrichment analysis of the ACTB enriched genes
Term ID Name Gene count P value Gene name
Detail of GO BP terms
    GO:0030036 Actin cytoskeleton organization 4 < 0.05 CFL1, MKL1, PFN1, PFN2
    GO:0000492 Box C/D snoRNP assembly 2 < 0.05 RUVBL2, RUVBL1
    GO:0030042 Actin filament depolymerization 2 < 0.05 CFL2, CFL1
    GO:0034329 Cell junction assembly 2 < 0.05 ACTB, ACTG1
    GO:0006281 DNA repair 3 < 0.05 RUVBL2, RUVBL1, CDC5L
Detail of GO MF terms
    GO:0003785 Actin monomer binding 3 < 0.05 MKL1, PFN1, PFN2
    GO:0016887 ATPase activity 3 < 0.05 ACTC1, RUVBL2, RUVBL1
    GO:0043522 Leucine zipper domain binding 2 < 0.05 MKL1, CDC5L
    GO:0003678 DNA helicase activity 2 < 0.05 RUVBL2, RUVBL1
Detail of KEGG terms
    hsa04810 Regulation of actin cytoskeleton 6 < 0.05 CFL2, CFL1, PFN1, ACTB, PFN2, ACTG1
    hsa05131 Shigellosis 4 < 0.05 PFN1, ACTB, PFN2, ACTG1
    hsa05132 Salmonella infection 4 < 0.05 PFN1, ACTB, PFN2, ACTG1
    hsa04015 Rap1 signaling pathway 4 < 0.05 PFN1, ACTB, PFN2, ACTG1
    hsa05410 Hypertrophic cardiomyopathy (HCM) 3 < 0.05 ACTC1, ACTB, ACTG1
    hsa05414 Dilated cardiomyopathy 3 < 0.05 ACTC1, ACTB, ACTG1
    hsa05130 Pathogenic Escherichia coli infection 2 < 0.05 ACTB, ACTG1
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Figure 8. ACTB functional analysis at single cell level (CancerSEA). (A) ACTB enriched genes associated 14 different functional states, (B) ACTB enriched genes as-
sociated significant functional states in LIHC, (C) ACTB enriched genes associated significant functional states in HNSC, and (D) ACTB enriched genes associated 
significant functional states in LUAD. Red and blue color dotes present a positive correlation and a negative correlation, respectively, while the depth of the color 
indicates the average of correlation. P < 0.05.
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Figure 9. Correlations among ACTB expression and its other associated genes across LIHC, HNSC, and LUAD (GEPIA). P < 0.05.
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Figure 10. ACTB positively correlated mutant genes (MuTarget). (A) ACTB correlated top 3 gene across LIHC, (B) ACTB correlated top 3 gene across HNSC, and (C) 
ACTB correlated top 3 gene across in LUAD. P < 0.05.
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Figure 11. ACTB correlation with tumor purity, immune cells (CD4+ T and CD8+ T), and ACTB expression (TIMER). (A) With CD4+ T immune cells, (B) With CD8+ T, 
and (C) With tumor purity. P < 0.05.
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Different studies [32-34] have already docu-
mented the role of ACTB in the development of 
distinct tumor types. For example, Lim et al. 
[32], during their clinical experiences have re- 
ported that ACTB mutations may lead to the 

lated with the decreased OS duration, RFS 
duration, and advanced metastasis in LIHC, 
HNSC, and LUAD patients. The ACTB oncogenic 
role was examined earlierusing wet-lab experi-
ments in previously published studies, and it 

Figure 12. Prediction of ACTB regulatory TFS and miRNAs. (A) Predicted miRNAs, and (B) Predicted TFs. P < 0.05.

Figure 13. A Gene-drug interaction network of ACTB (CTD). Red arrows: drugs 
that can increase ACTB transcription expression; green arrows: different 
drugs that can decrease transcription expression. The numbers of arrows 
represent the supported numbers of study to a specific interaction.

development of pilocytic as- 
trocytoma. The ACTB glioma- 
associated oncogene homo-
log 1 (GLI1) fusion has also 
been identified as a genetic 
abnormality that could lead to 
the distinctive type of actin-
positive such as perivascular 
myoid tumors, also known as 
“pericytoma with t(7;12) tran- 
slocation” [33]. Furthermore, 
Castro et al. [34] stated that 
ACTB and GLI1 fusion can 
also develop a gastric tumor 
that arises from the pyloric 
wall of the stomach. Another 
study by Zhang et al. revealed 
the lower ACTB expression 
across LUAD samples and al- 
so suggested it as a worst 
prognostic factor [35].

In this study, we revealed that 
ACTB was up-regulated in 24 
subtypes of human cancers 
and its overexpression was 
significantly (P < 0.05) corre-
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was discovered that higher ACTB expression 
was linked to a variety of altered mechanisms 
in cancer cells. For instance, in tumour cells, 
overexpression of ACTB results in cell invasion 
[36]. Beside this, higher ACTB protein level is a 
major contributing factor in renal cell carcino-
ma development [37]. Moreover, the higher 
ACTB mRNA expression was also predictive to 
be the causative agent of hepatocellular carci-
noma (HCC) [38-40].

Earlier studies highlighted that genomic altera-
tions such as genomic mutations found fre-
quently in cancer patients [41]. Moreover, it is 
also well known that promoter methylation le- 
vel abnormalities contribute significantly to the 
gene expression regulation, DNA repair, and 
replication processes [41, 42]. In this work, we 
analyzed ACTB promoter methylation and ge- 
netic changes across LIHC, HNSC, and LUAD 
samples. Results of this analysissuggested 
that hypomethylation contributes majorly while 
genetic mutations participate at a minor level 
to affect ACTB expression. 

Understanding tumour purity and immune cell 
infiltration is critical for developing effective 
anticancer immunity [43]. The interesting posi-
tive andnegative correlations observed in our 
studybetween ACTB expression and tumor puri-
ty, CD8+ T, and CD4+ T immune cells may bring 
new ideas for the treatment of LIHC, HNSC, and 
LUAD.

Recent studies have explored that TFS and 
miRNAs directly regulate gene expression [44, 
45]. In this study, we identified the different TFS 
and miRNAs that can regulate ACTB expres-
sion. Based on the prediction analysis, follow-
ing ten most significant TFS: AATF, WWTR1, 
GFI1 [mouse], NR3C1, MYC, GFI1, STAT3, ING1, 
MAX, and POU4F1 and ten miRNAs: hsa-
miR-1908, hsa-miR-663, hsa-miR-744, hsa-
miR-4745-3p, hsa-miR-1538, hsa-miR-3960, 
hsa-miR-4749-5p, hsa-miR-4706, hsa-miR- 
4743, and hsa-miR-3180-3p can potentially 
regulate ACTB expression. In view of these 
results, we think that regulation of ACTB via 
these TFS and miRNAs might be another new 
mechanism of LIHC, HNSC, and LUAD deve- 
lopment. However, additional work should be 
done to verify this hypothesis.

So far, LIHC, HNSC, and LUAD patients carrying 
different mutant genes do not have any appro-

priate therapy. In view of this, using muTarget, 
we explored different mutant genes that are 
associated with altered ACTB expression. As a 
result, we have identified 3 top mutant genes in 
each LIHC, HNSC, and LUAD, respectively, for 
ACTB, including DHX8, IQGAP3, and SLC6A11 
in LIHC, PCDHB16, TRAF3, and CCDC13 in 
HNSC, and ZNF572, BPIFB2, and KRT5 in LUAD.

By exploring and linking these mutant genes 
with ACTB expression, it is convenient to iden-
tify potential mutant gene-based therapies for 
LIHC, HNSC, and LUAD patients.

Moreover, according to the previous studies 
concerning CNVs and genetic mutations in the 
ACTB gene, the amplification of this gene was 
explored as the most prominent type of CNVs 
across uterine carcinosarcoma, esophageal 
adenocarcinoma and adrenocortical carcino-
ma [46]. While the occurrence of genetic muta-
tion in the ACTB gene across different cancers 
was a less frequent phenomenon. Recently, a 
pan-cancer study detected a total of 129 muta-
tions in the ACTB gene across different cancer 
subtypes, such as esophageal adenocarcino-
ma and adrenocortical carcinoma, and most of 
these mutations were missense [47].

A PPI revealed a set of ten ACTB-associated 
genes involved in “Actin cytoskeleton organiza-
tion, Box C/D snoRNP assembly, Actin filament 
depolymerization, Cell junction assembly, and 
DNA repair biological process (BP)” GO terms, 
“Actin monomer binding, ATPase activity, Leu- 
cine zipper domain binding, DNA helicase ac- 
tivity molecular function (MF)” terms, and “Re- 
gulation of actin cytoskeleton, Shigellosis”, etc. 
KEGG terms.

In order to confirm ACTB role in cancer develop-
ment, we analyzed the 14 functional states of 
this gene in LIHC, HNSC, and LUAD using 
CancerSEA. Results of the analysis found that 
ACTB was significantly correlated with differen-
tiation and hypoxia in LIHC, metastasis, inva-
sion, hypoxia, EMT in HNSC, and metastasis 
and EMT in LUAD. Best to our knowledge, this 
study is the first to explore the role of ACTB in 
differentiation and hypoxia in LIHC, metastasis, 
invasion, hypoxia, EMT in HNSC, and metasta-
sis and EMT in LUAD.

Although the results of this study have numer-
ous advantages, there are still some draw-
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backs. Bioinformatics analysis provided the 
primary foundation for our conclusions. Utilizing 
internal in-house clinical samples to validate 
ACTB expression could significantly reinforce 
our conclusions.

Conclusion

We confirmed that ACTB was overexpressed in 
LIHC, HNSC, and LUAD samples and can be a 
possible diagnostic and prognostic biomarker 
of survival in these cancer patients. However, 
additional experiments should be conducted 
for further verification.
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